Background-The reported cumulative risk of developing pouchitis in ulcerative colitis (UC) patients undergoing ileal pouch-anal anastomosis (IPAA) approaches 50% after 10 years. To date, no preoperative serological predictor of pouchitis has been found. Aims-To assess whether preoperative perinuclear antineutrophil cytoplasmic antibody (pANCA) expression was associated with acute and/or chronic pouchitis after IPAA. Methods-Patients were prospectively assessed for the development of clinically and endoscopically proved pouchitis. Serum obtained at the time of colectomy in 95 UC patients undergoing IPAA was analysed for pANCA by ELISA and indirect immunofluorescence. pANCA+ patients were stratified into high level (>100 ELISA units (EU)/ml) (n=9), moderate level (40-100 EU/ml) (n=32), and low level (<40 EU/ml) (n=19) subgroups. Results-Sixty of the 95 patients (63%) expressed pANCA. After a median follow up of 32 months (range 1-89), 32 patients (34%) developed either acute (n=14) or chronic (n=18) pouchitis. Pouchitis was seen in 42% of pANCA+ patients compared with 20% of pANCA− patients (p=0.09). There was no significant diVerence in the incidence of acute pouchitis between the three pANCA+ patient subgroups. The cumulative risk of developing chronic pouchitis among patients with high level pANCA (56%) before colectomy was significantly higher than in patients with medium level (22%), low level (16%), and those who were pANCA− (20%) (p=0.005). Multivariate analysis revealed that the sole parameter significantly associated with the development of chronic pouchitis after IPAA was the presence of high level pANCA before colectomy (p=0.005). Conclusion-High level pANCA before colectomy is significantly associated with the development of chronic pouchitis after IPAA. (Gut 2001;49:671-677) 
Abdominal colectomy with ileal pouch-anal anastomosis (IPAA) has become the standard operative approach for patients with ulcerative colitis (UC) requiring colectomy for dysplasia, cancer, or medically unresponsive disease. This procedure removes all diseased mucosa while preserving continence and transanal defecation and is associated with excellent functional results and high patient satisfaction. [1] [2] [3] The most frequent long term complication after IPAA for UC is a non-specific inflammation of the ileal pouch commonly known as pouchitis. [2] [3] [4] The presence of extraintestinal manifestations (EIMs) of UC before colectomy, especially primary sclerosing cholangitis (PSC), has been associated with the development of pouchitis. 4 5 However, the positive predictive value of EIMs for pouchitis is low, and only about 25% of all UC patients ever have EIMs. 4 Although the positive predictive value of PSC for pouchitis is higher, fewer than 5% of all UC patients ever develop PSC. 5 A more clinically useful predictor of pouchitis occurrence is clearly needed.
Serum antineutrophil cytoplasmic antibodies with perinuclear staining (pANCA) have been detected in the majority of UC patients before and after IPAA. [6] [7] [8] [9] Recent studies have revealed that expression of this marker antibody reflects an immune response to the antigen products of enteric bacteria. 10 11 Seibold et al demonstrated that pANCA cross reacts with mouse caecal bacterial antigens. 10 In addition, Cohavy et al discovered that pANCA binds to the Escherichia coli derived outer membrane porin OmpC. 11 Although the search for an infectious agent that causes pouchitis has not been successful, there is ample evidence to suggest that enteric bacteria and their products are involved in the pathogenesis of this disease. In contrast with patients with adenomatous polyposis coli, who rarely develop pouchitis after IPAA, UC patients are susceptible to the development of mucosal inflammation after colonisation of the ileal pouch by intestinal bacteria. 2 12-15 Additionally, treatment of pouchitis with antibiotics is almost universally successful. 16 These observations together suggest that pANCA may represent a serological marker for pouchitis development after IPAA. Prior studies examining the correlation between pANCA expression and pouchitis have been contradictory, with three studies showing a positive association [17] [18] [19] and some studies demonstrating no significant diVerence in pANCA expression between patients with or without pouchitis. [20] [21] [22] All of these studies were retrospective in design, many measured pANCA at the time of pouchitis diagnosis and not before surgery, and some examined patients with treatment resistant pouchitis and did not evaluate the more common acute or chronic treatment responsive pouchitis. Additionally, the association between pANCA expression and acute pouchitis has not been addressed. This study was specifically designed to address these methodological problems.
The goal of this prospective study was to assess whether preoperative pANCA expression was associated with acute and/or chronic pouchitis after IPAA. Additionally, as binding of pANCA to bacterial antigens has only been identified in patients with high level antibody expression, 11 we also assessed whether preoperative levels had any association with the incidence of acute and/or chronic pouchitis after IPAA. The results demonstrate the significance of taking into account the magnitude of the host immune response, in that high level pANCA expression before colectomy was associated with an increased incidence of chronic pouchitis after IPAA.
Materials and methods

STUDY POPULATION
As part of a prospective study to correlate serological and genetic markers with clinical phenotypes in inflammatory bowel disease (IBD), a cohort of 95 UC patients requiring colectomy for medically unresponsive disease or dysplasia was studied. All patients operated on at Cedars-Sinai Medical Center by one surgeon (PRF) over the six year period ending March 2000 were eligible for the study. Complete mucosectomy was performed in all patients. In addition, all patients had a temporary diverting ileostomy constructed at the time of pouch creation. All patients had clinical, radiological, and histological features diagnostic of UC. Clinically, perianal disease was absent, and endoscopic features included continuous macroscopic disease extending varying distances proximally from the dentate line. Radiological evaluation revealed the distinct absence of either a colonic stricture or small bowel disease. Histological patterns of continuous microscopic inflammation and absence of non-caseating granulomas were mandatory to rule out Crohn's disease. Additionally, these features were also identified after review of intraoperative findings and pathological evaluation of the resected specimen. Patients with indeterminate colitis, those in whom the ileostomy was not reversed, and those who did not consent to have blood drawn for research purposes were not included in the study population. Patients with recognised mechanical complications of surgery such as an anal stricture or anastomotic dehiscence were also specifically excluded.
ASSESSMENT OF CLINICAL CHARACTERISTICS
Detailed patient profiles were prospectively generated by one of the investigators (PRF) who was blinded to individual patients' ANCA status. Clinical information was collected by chart review and patient interview. Patients were seen for follow up examinations every three months for the first year after stoma closure and yearly afterwards. Clinical characteristics examined included patient age at surgery, age at diagnosis of UC, disease duration, sex, family history of IBD, anatomical location of UC, EIMs of IBD, the presence or absence of backwash ileitis, indications for surgery, and the development of and time to pouchitis. Anatomical location of disease was grouped into the categories of pancolitis, left sided colitis, and proctitis. EIMs included PSC and skin lesions (pyoderma gangrenosum, erythema nodosum), bone/joint disease (arthritis, ankylosing spondylitis, sacroileitis), or eye disease (uveitis, episcleritis) considered by the investigators and the patients' physicians to be manifestations of IBD. Backwash ileitis was defined by the presence of macroscopic or histological evidence of inflammation restricted to the distal 3 cm of the extreme terminal ileum not thought to be related to Crohn's disease. Indications for surgery included medically unresponsive disease, dysplasia, or cancer.
DIAGNOSIS OF POUCHITIS
Pouchitis was defined as a clinical syndrome characterised by the onset of increased stool frequency often with bloody diarrhoea, pelvic discomfort, urgency, malaise, and fever. The diagnosis of pouchitis was confirmed in all cases by flexible endoscopy. Endoscopic findings in cases of pouchitis included diVuse mucosal inflammation, typically involving the entire pouch, characterised by exudate, ulceration, and erythema, and sparing of the proximal ileum. Acute pouchitis was defined as being antibiotic responsive flares occurring at least four months apart during which time the patient was completely asymptomatic and had returned to his/her usual bowel pattern. Chronic pouchitis required continuous antibiotic treatment for symptom relief and also included those patients who were refractory to antibiotic treatment. Stool cultures were obtained when conventional antibiotic therapy was unsuccessful or in patients with chronic pouchitis. Histological evaluation of the pouch was not routinely performed. For patients with persistent symptoms, studies were done to exclude mechanical complications of surgery such as an anal stricture or partial small bowel obstruction. Time to diagnosis of pouchitis was defined as the time period from ileostomy closure.
SERUM ANCA DETERMINATION AND ANCA SUBTYPE CHARACTERISATION Study patient sera were drawn immediately before colectomy, coded, and stored for future analysis. Serum analysis for ANCA expression was performed in a blinded fashion by Prometheus Laboratories (San Diego, California, USA). ANCA presence was determined by fixed neutrophil ELISA, as previously described. 6 Polystyrene microtitre plates were coated with 2.5×10 5 normal human donor whole peripheral blood neutrophils per well, which were then fixed with 100% methanol. Cells were incubated with bovine serum albumin (0.25%) in phosphate buVered saline to block non-specific antibody binding. Next, control and coded sera were added at a 1:100 dilution. Following incubation and washing, goat F(ab') 2 antihuman immunoglobulin G ( chain specific) antibody (Jackson Immunoresearch Labs, Inc., West Grove, Pennsylvania, USA) conjugated to alkaline phosphatase was added at a 1:1000 dilution to label neutrophil bound antibody. Substrate solution containing p-nitrophenol phosphate was then added. Colour development was allowed to proceed until absorbence at 405 nm, with a reference wavelength of 650 nm on a Molecular Devices (Menlo Park, California, USA) E-Max microtitre plate reader, in the positive control wells was 0.8-1.0 optical density units greater than that in the blank wells. Levels were determined relative to a Prometheus laboratory standard consisting of pooled sera obtained from well characterised pANCA+ UC patients. Results were expressed as ELISA units (EU/ml). Sera with circulating antineutrophil cytoplasmic IgG antibody exceeding the normal reference range value were termed "ANCA+." Values that were negative relative to the panel of pooled pANCA+ control sera were termed "ANCA−." ANCA+ sera were further subtyped via indirect immunofluorescence staining to determine the ANCA neutrophil binding pattern. Glass slides containing approximately 10 5 normal human donor whole peripheral blood neutrophils per slide were prepared by cytocentrifugation (Shandon Cytospin, Cheshire, UK). Cells were fixed in 100% methanol, air dried, and stored at −20°C. The coded patient sera were diluted (1:20) and then layered over the fixed neutrophils, incubated at 37°C, and then washed. Fluorescein labelled F(ab') 2 chain specific goat antihuman antibody was added and incubated, and then washed, as previously described. 6 The sections were examined by fluorescence microscopy using an epifluorescence equipped Nikon microscope (Garden City, New Jersey, USA). Sera exhibiting the characteristic perinuclear highlighting which then lost this characteristic staining pattern when first treated with DNase were termed "pANCA+". 23 
STRATIFICATION OF pANCA+ PATIENTS BASED ON ANTIBODY LEVEL
A recent study by Vasiliauskas et al demonstrated that the level of serum immune markers, not only their absence or presence, allows for stratification of IBD patients into more homogenous immunologically distinct subgroups with common subclinical and clinical features. 24 Cohavy et al, in examining the association between pANCA levels and binding to the Escherichia coli outer membrane porin OmpC, found that only sera with high pANCA levels (titres >1/1000, which is equivalent to 100 EU/ml) had significant bacterial antigen binding.
11 These data suggest that high level pANCA expression may identify a subset of patients with UC who may have a distinct type of mucosal inflammation representing an exquisite sensitivity to the presence of bacterial antigens. These biological models stimulated our analysis of patients based on quantitative pANCA antibody expression. pANCA+ patients were thus stratified into three groups based on antibody level: high level pANCA patients had levels >100 EU/ml; medium level, 40-100 EU/ml; and low level, <40 EU/ml.
STATISTICAL ANALYSIS
All data were entered into a standardised database computer program (Microsoft, Seattle, Washington, USA). Statistical analyses were performed with the SPSS (SPSS, Chicago, Illinois, USA) statistical package for Windows. We first logarithmically transformed ANCA levels (including those below the reference range) to obtain a more ready normal distribution before correlation was computed and statistical tests were performed. Correlations between normalised variables were evaluated by Pearson correlation coeYcients and corresponding p values were calculated. To evaluate the relationship between serum pANCA and baseline clinical features, linear regression analysis was performed by specifying antibody levels as dependent variables and clinical characteristics as independent variables, using a stepwise procedure. For continuous covariates, means were compared with the use of the Student's t test. Categorical variables were compared with the use of the 2 method or Fisher's exact test (if expected cell counts were less than 5). Chronic pouchitis free survival was then plotted using the Kaplan-Meier method for the various tested covariates. The log rank test was used to compare these survival curves for the various substrata. Finally, multivariate analyses of chronic pouchitis free survival were performed using the proportional hazards model according to Cox. All hypothesis testing was two sided with p values less than 0.05 considered statistically significant. Due to the hypothesis generating nature of this study, a Bonferroni correction was not used.
Results
PATIENT DEMOGRAPHICS AND CLINICAL
CHARACTERISTICS
Sixty one of the 95 study patients (64%) were male (table 1). Of the 74 patients with medically unresponsive disease, 19 (26%) were steroid dependent and 55 (74%) were refractory to other immunomodulatory therapies, including 6-mercaptopurine (n=51) and/or cyclosporin (n=37). Median follow up time after ileostomy closure was 32 months (range 1-89). No patient was lost to follow up.
POUCHITIS
Thirty two patients developed pouchitis, representing an overall incidence of 34%. Acute pouchitis was seen in 14 patients (15%) and chronic pouchitis in 18 (19%) . Median time to diagnosis of pouchitis in the study group was five months (range 1-63). There was no diVerence in median time to pouchitis diagnosis between patients with acute (five months) or chronic (six months) pouchitis. In addition, patient age, sex, disease extent, extraintestinal disease, indication for surgery, use of immunomodulatory drugs, and the presence of backwash ileitis were not significantly diVerent between the two pouchitis groups.
RELATIONSHIP BETWEEN pANCA EXPRESSION AND POUCHITIS Serum ANCA was detected in 82 patients (86%) in samples taken before colectomy. Sixty patients (63%) had a perinuclear staining pattern which disappeared with DNAse treatment (pANCA+). There was no significant diVerence in patient demographics or disease characteristics between the DNAse sensitive pANCA+ and pANCA− patient groups.
The association between pouchitis and preoperative pANCA status is shown in fig 1. There was no significant diVerence in the overall incidence of pouchitis between the pANCA+ and pANCA− patient groups (p=0.09). The incidence of acute pouchitis was also not significantly diVerent between these two patient groups. Although the incidence of chronic pouchitis was higher in the pANCA+ patient group (25%) than in the pANCA− patient group (9%), this diVerence was not statistically significant (p=0.09).
RELATIONSHIP BETWEEN pANCA ANTIBODY LEVEL AND POUCHITIS
The magnitude of preoperative pANCA expression was evaluated quantitatively by the ELISA level of host marker antibody production before colectomy. The median preoperative antibody level in the pANCA+ patient group was 56 EU/ml. However, there was a wide range of preoperative antibody levels noted in this patient group, ranging from 10 to 170 EU/ml (fig 2) . There were nine patients (15%) in the high level group, 32 patients in the medium level group (53%), and 19 patients (32%) in the low level group (see methods). Patient characteristics were not significantly diVerent between the three diVerent pANCA+ groups (table 2) . Multiple regression analysis using quantitative antibody level as the dependent variable also confirmed no significant relationship between pANCA level and preoperative patient clinical features (table 3) .
The incidence of pouchitis noted in the three diVerent pANCA+ patient groups is shown in fig 3. The 78% incidence of pouchitis in the high level pANCA+ patient group was higher than the 41% incidence of pouchitis noted in the medium level pANCA+ patient group and significantly higher than the 22% incidence in the low level pANCA+ patient group (p= 0.03). Interestingly, the 22% incidence of pouchitis noted in the low level pANCA+ patient group was similar to the pANCA− patient group (20%). Although there was a significantly higher incidence of pouchitis in the high level pANCA+ patient group, this diVerence was accounted for solely on the basis of chronic pouchitis (p=0.03). There was no significant diVerence in the incidence of acute pouchitis between the three diVerent pANCA+ patient groups.
Kaplan-Meier analysis was undertaken to assess the risk of chronic pouchitis among patients with diVerent pANCA levels before colectomy (fig 4) . The risk of developing 
Discussion
Many centres around the world have shown pANCA to be present in the sera of the majority of UC patients before colectomy, with the incidence in most series ranging from 60% to 80%. 9 25-27 Clinically, pANCA expression in UC is associated with distinct clinical phenotypes, including treatment resistant left sided disease, 28 aggressive disease course, 29 30 and the need for surgical intervention early in the disease course. 31 These studies suggest that serum pANCA production in UC reflects a distinct type of mucosal inflammation. The present study demonstrates that high level pANCA expression before colectomy was associated with the development of chronic pouchitis after IPAA. Although prior studies of pANCA in UC have focused on its absence or presence at random points after IPAA, our study is the first to observe that the magnitude of pANCA expression prior to colectomy, as measured by immune marker level, was associated with a specific clinical phenotype in UC patients. The findings suggest that expression 
IPAA, ileal pouch-anal anastomosis; PSC primary sclerosing cholangitis. There were no significant diVerences between the three patient groups. , regression coeYcient; r 2 , proportion of the total variation of a dependent variable that can be explained by the variation of each independent variable; IBD, inflammatory bowel disease. of this immune marker may reflect diVerent inflammatory mechanisms that influence disease expression (that is, pouchitis development). Pouchitis is the most frequent complication of transanal continent reservoirs in patients undergoing IPAA.
2-4 "Pouch ileitis" was first described by Kock et al in patients with a continent ileostomy and was characterised by bacteriological and histological changes within the pouch. 32 Today, pouchitis is understood to be an acute or chronic inflammatory condition of unknown aetiology that aVects both transanal continent reservoirs and continent ileostomy pouches. The frequency of pouchitis in patients undergoing IPAA varies between 15% and 51%. 1-5 12-15 33-38 The wide variability of reporting of pouchitis frequency in the literature can be accounted for primarily because of a lack of accepted diagnostic criteria. Some authors define pouchitis on clinical grounds alone, 2-5 8 33 35 others require endoscopic confirmation 1 15 18 34 36 37 while still other groups require that specific histopathological criteria be met.
12-14 17 19 22 38 39 Using clinical, endoscopic, and specific histopathological criteria, Sandborn et al have proposed an index to assess pouchitis activity. 40 In our opinion, a combination of symptoms and endoscopic evidence of mucosal inflammation obviates the need for a biopsy and histopathological evaluation in most patients. Our overall incidence of pouchitis of 34% is in the range reported by other investigators who use similar diagnostic criteria. 1 15 18 34 36 37 Prior studies examining the correlation between pANCA expression and pouchitis have been contradictory. [17] [18] [19] [20] [21] [22] Three studies found no association between the incidence of pouchitis and pANCA expression. [17] [18] [19] Aisenberg et al found that the frequency of pANCA in IPAA patients with "refractory" pouchitis was not significantly diVerent than that in IPAA patients without pouchitis. However, determination of pANCA was undertaken at the time of pouchitis diagnosis, not before surgery, and levels were not considered. Furthermore, their study examined patients with treatment resistant pouchitis and did not evaluate the more common chronic treatment responsive pouchitis. 17 Although two other studies found no significant diVerence in pANCA expression between patients with or without pouchitis, 18 19 their retrospective study design and measurement of pANCA at variable times after colectomy do not firmly refute the reliability of using pANCA as a preoperative marker to identify those patients who may develop pouchitis. On the other hand, Sandborn et al from the Mayo Clinic measured pANCA in a cohort of adult UC patients who had already undergone IPAA and found that the frequency of pANCA in patients with chronic pouchitis was 100% compared with only 50% in patients without pouchitis. 21 Two other studies have corroborated these results. 20 22 These three studies taken together suggest that pANCA may predict the development of pouchitis after IPAA; however, the retrospective nature of these studies could not answer whether determination of pANCA level before colectomy could predict pouchitis after surgery. Additionally, they did not fully examine the association between pANCA expression before colectomy and acute pouchitis.
This study was designed to address the methodological problems associated with prior studies examining the influence of pANCA expression on pouchitis development. A true assessment of the potential value of pANCA as a serological marker for pouchitis development was assured by drawing patient sera immediately before colectomy. All patients were followed prospectively after IPAA for the development of pouchitis using strict clinical and endoscopic criteria by a single investigator blinded to the patients' pANCA status. In addition, pANCA determination was performed without knowledge of the patients' clinical status. Our study design also allowed for the assessment of both acute and chronic pouchitis. Finally, host antibody expression and level were measured using a three step method, an approach which has recently been shown to be the most sensitive pANCA assay in a population based cohort. 41 The incidence of either acute or chronic pouchitis in the pANCA+ patient group was not significantly higher than that in the pANCA− patient group. Accordingly, preoperative pANCA expression alone does not appear to predict pouchitis after colectomy and IPAA, corroborating the results of other studies. [17] [18] [19] However, we uncovered a number of interesting observations in examining the incidence of pouchitis in patients with diVerent pANCA levels. We felt this subgroup analysis was needed based on evidence that: (1) pouchitis is a bacteria mediated immunological disease 2 12-16 and (2) the results of a recent study which revealed significant binding only with sera from UC patients with high level pANCA (>100 EU/ml) and a bacterial wall antigen (OmpC) located on the outer membrane wall of Escherichia coli. 11 The overall incidence of pouchitis was significantly influenced by the presence of high level pANCA before colectomy. This correlation was due primarily to the eVect of high level pANCA on the incidence of chronic pouchitis. The pathogenetic mechanisms accounting for this association remain unknown. It is possible that patients with high level pANCA are predisposed to develop a vigorous immune response to bacterial products. Perhaps further characterisation of the role that OmpC or other bacterial antigens play in the inflammatory cascade might provide insight into these issues and delineate the pathogenesis of pouchitis and even UC itself.
Clinically, this study suggests that patients with high level pANCA before colectomy should be counselled on their higher risk of developing chronic pouchitis after surgery and the potential need for long term antibiotic treatment. However, as most patients with chronic pouchitis are clinically improved with antibiotic therapy, 16 patients would probably still choose the risks of long term antibiotic treatment in lieu of a permanent ileostomy. Additionally, as high level pANCA expression before colectomy for UC is an important predictor of chronic pouchitis after IPAA, it would be interesting to investigate whether prophylactic antibiotic therapy in UC patients after IPAA having high level pANCA expression before colectomy could prevent or delay pouchitis development.
In conclusion, high level pANCA expression before colectomy predicts chronic but not acute pouchitis after IPAA. Patients with high level pANCA may represent a distinct subgroup of UC patients that manifest diVerent clinical behaviour after IPAA.
